Historical drainage improvements have created complex hydrological regimes in many low-lying, wet coastal grassland areas. The manipulation of ditch water levels is a common management technique to maintain important in-stream and in-field habitats in such areas. However, in wet grasslands with low soil conductivities the water table in the centre of each field is not closely coupled to variations in ditch stage. Consequently rainfall and evaporation have a greater influence on the depth to water table and water table fluctuations within each field. In-field microtopographic variations also lead to subtle variations in the hydrological regime and depth to water table that create a mosaic of different wetness conditions and habitats. The depth, duration, timing and frequency of flooding from accumulated rainfall, surface water and standing groundwater also influence the availability of suitable in-field habitats. Land drainage models are often used for studies of wet grasslands, but tend to be more complex and require more field variables than saturated zone models. This paper applies a 3D groundwater flow model, MODFLOW, to simulate groundwater levels within a single field in a wet coastal grassland underlain by a low permeability sequence and located in the central part of Pevensey Levels, Sussex, UK. At this scale, the influence of vertical leakage and regional groundwater flow within the deeper, more permeable part of the sequence is likely to be small. Whilst available data were not sufficient to attempt a full calibration, it was found that the sequence could be represented as a single, unconfined sequence having uniform hydraulic properties. The model also confirmed that evaporation and rainfall are the dominant components of the water balance. Provided certain information requirements are met, a distributed groundwater model, such as MODFLOW, can benefit situations where greater hydrological detail in space and time is required to represent complex and subtle changes influencing the in-field habitats in wet grasslands with low permeability soils.
Introduction
'Lowland wet grasslands' is a generic term that includes river floodplains and coastal grazing pastures, such as the Pevensey Levels in East Sussex, UK. These are characterised by periodic inundation and/or a high water table and have a flat topography dissected by a dense network of drainage channels. They provide important habitats for plants, invertebrates and birds (Joyce and Wade, 1998) and are well represented in England, having a total area of about 200 km 2 (Jefferson and Grice, 1998) . The management and maintenance of lowland wet grasslands relies mainly on the control of ditch water levels, but this is often hampered by the complexity of the hydrological regime, the density of the drainage network and shared responsibilities for the operation of the ditch control structures. In the UK, Water Level Management Plans (MAFF, 1994) , agreed between the various stakeholders, are employed to meet objectives ranging from intensive agricultural production to wildlife conservation. The Wildlife Enhancement Scheme (WES) also provides subsidies to farmers to manage their land in a way that encourages wildlife. This scheme includes maintaining ditch water levels at prescribed levels depending on the time of year.
However, the manipulation of ditch water levels has less influence on the water table elevation in wet grassland areas with low soil permeability such as the Pevensey Levels. During the winter months, the water table in the centre of a field is higher than the water level in the surrounding ditches but lower during the summer months. The fields have a 'saucer-shaped' topography due to excavated ditch material being deposited at the field boundaries so that the water table is closer to ground level in the centre of the field than adjacent to the ditches. Small-scale topographic variations ranging from about 0.2 to 0.3 m within each field also determine the depth to water table and consequently evaporation rates, recharge and the extent of groundwater flooding at any particular location and time. This produces variations in the water regime within the field and hence a mosaic of different habitats for plants, insects and birdlife (RSPB, 1997) .
The extent, depth, frequency, timing and duration of flooding within the fields during the winter and spring are important to provide roosting, feeding and breeding sites for a wide variety of bird species. The winter flooding results from a variable combination of surface water overflow from the ditches, standing groundwater when the water table intersects the ground surface and accumulated rainfall on the saturated surface.
In-field habitats in wet grasslands with low permeability soils are affected by complex and subtle changes affecting the water regime that are not easily taken into account in existing management models. Most management studies at the field scale are undertaken with 2D models based on land drainage and soil physics theory to simulate the water table response to hydro-meteorological variables. Examples include DRAINMOD (Skaggs, 1980) , SWATRE (Belmans et al., 1983) , FDRAIN (Armstrong et al., 1980; Armstrong, 1993) and DITCH (Armstrong and Rose, 1999 ; see also Youngs et al., 1989 Youngs et al., , 1991 .
Physically-based, process orientated, spatially distributed models, such as MIKE-SHE (e.g. Al-Khudhairy et al., 1999) , have seldom been applied to the study of low wetlands as these are rather complex to operate and require a level of data that is seldom available in such areas. Groundwater flow models can also represent many of the features influencing the in-field water regime, including anisotropy and heterogeneity in hydraulic properties. They are more commonly applied to wetlands where groundwater is an important component of the hydrological regime (e.g. Leemhuis and Al-Khudhairy, 2001; Gilvear et al., 1997) .
This paper examines the general application of a groundwater flow model, MODFLOW (McDonald and Harburgh, 1988) , to in-field water table variations using data available from the Pevensey Levels. However, the data necessary to develop a fully validated groundwater flow model for water management purposes are not available from this site.
Modelling approaches
The study of in-field situations can require complex threedimensional analyses to derive time-varying water table elevations over an irregular shaped field bounded by partially-penetrating drains as line sinks (or line sources in summer) with variable stage and in hydraulic continuity with the underlying strata. They may also need to accommodate spatial and depth variations in soil hydraulic conductivity, porosity and specific yield and spatially varying evapotranspiration.
A water balance approach may be appropriate for simple situations, such as that adopted by the DRAIN model (Armstrong and Rose, 1999) :
where h t is the water elevation at time t, R is rainfall, E t is evapotranspiration, Q d is the flux through the drainage systems and f is the soil porosity. Depth variations in hydraulic conductivity can be taken into account in this model. A water balance approach to predict ditch stage was also used as the basis for a physically-based model (PINHEAD) developed by Gasca-Tucker and Acreman (1999) and applied to a hydrologically-discrete ditch system near the centre of the Pevensey Levels.
Models based on drainage theory have been developed to simulate the flux of water from the soil to bounding ditches to estimate the water table elevation within the field. These were developed originally for engineering purposes to predict the steady-state maximum water table elevation midway between fully-penetrating, parallel drains spaced distance 2D apart. Many of the features required for in-field habitat studies are taken into account in a numerical procedure based on land drainage and seepage theory by Youngs et al. (1989) to predict the water level change ∆H during a time interval ∆t at a given site surrounded by ditches containing water at a known height. This is based on the following equation: Further development of this model to study in-field habitats was made by Youngs et al. (1991, see also Childs and Youngs, 1961) , who describe a numerical procedure to model a 3D drainage situation to produce contour maps of water table elevation, h(x,y), over a field surrounded by water-filled ditches:
where H p is the mid-drain water table height that would occur if the field were drained by a parallel system of drains spaced 2D apart and E* = (
, where E is the gradient of the seepage potential and E o is seepage potential (2E* is equal to A in Eqn. 1). Contours of E* show locations having the same seasonal range in water levels.
Soil physics based models have been applied successfully to a range of different low wetlands in UK, in particular to investigate drain spacing and stage controls in more permeable wetlands. These models usually require more field variables than saturated zone models and consequently are more complex. Some of the factors influencing in-field habitats in low permeability wetlands with irregularly shaped fields and partially penetrating ditch systems are also less easily accommodated in such models.
A key requirement for studying in-field habitats is often an adequate and reliable simulation of spatial and temporal variations in hydro-meteorological variables associated with topographic variability in order to produce time-series depth to water table maps, which in many situations can provide an indication of the soil water conditions at the soil surface. For example, evapotranspiration rates will vary across the field according to water table depth and vegetation type, cover, growth stage and rooting depths. Other subsurface components of the water balance may include vertical leakage to or from any deeper, more permeable strata and more regional groundwater flow towards major drains or the coast that are not taken into account in soil physics based models.
MODFLOW is a finite difference, 3D, time-varying groundwater flow model that has become the industry standard for many groundwater-related studies. The general form of the governing partial-differential equation describing groundwater flow under time-varying conditions in a heterogeneous and anisotropic aquifer is: (3) where x, y and z are Cartesian coordinates aligned along the major axes of hydraulic conductivity Kxx, Kyy and Kzz; h is the potentiometric head; W is the flux per unit volume representing sources/sinks; Ss is the specific storage; and t is time.
MODFLOW employs a block-centred approach and a modular structure consisting of a main program and a series of sub-routines grouped into packages. Each package includes specific features of a hydrological system, such as recharge or drains, and various methods to solve the linear equations (see Anderson and Woessner, 1992) . A wide range of additional modules has been added since MODFLOW was developed originally (e.g. cell re-wetting or spatially variable anisotropy). A wetland module is available (Restrepo et al., 1998) , although this was developed for swamp areas rather than grass wetlands. Commercial versions of MODFLOW provide a comprehensive suite of techniques to assist model design, to input data and analyse and present model output. The program code is freely available in the public domain, and commercial Windowbased versions with pre-and post-processors are inexpensive. The model code employed for this study was Visual MODFLOW (version 2.72) developed by Waterloo Hydrogeologic and incorporating MODFLOW-96 (Harburgh and MacDonald, 1996) .
Besides ease of use, the application of a groundwater model, such as MODFLOW, to in-field water regime studies has several potential benefits. For example, it can take account of spatial heterogeneities, vertical groundwater flow and any regional groundwater flow component. Whilst vertical leakage through clay sequences will occur at a low rate, and consequently will be a minor component at the field scale, the volume of leakage could be significant over the total area of a wetland. Irregular field boundaries and steep hydraulic gradients adjacent to a drain can be accommodated, although with a finite difference approach this may result in an excessive number of grid cells particularly with multiple layers. Recharge can be distributed areally and, although recharge is assumed to be added instantaneously to the saturated zone, this is not necessarily a disadvantage where the depth to water table is shallow even in low permeability sequences.
Evaporation from the soil is accommodated by the Evaporation Package in MODFLOW. A maximum evaporation rate is assigned to each cell when the water table equals an assigned head value (normally ground level)
and ceases below a user-prescribed depth (extinction depth). The rate of evaporation is assumed to vary linearly between these two extremes, although the reduction in evaporation with depth is usually non-linear. Hence, the rate of evaporation and extinction depth can be varied in each cell with time, for example to accommodate different rooting depths associated with different vegetation distributions.
Another important feature of MODFLOW is the ability to represent a wide range of different drainage situations (drain, river or stream Packages), including variable stage, different drain depths, geometry or configurations, bed permeabilities and to accommodate situations when the water table falls below the bed of the channel. The hydraulic conductivity of the bed of field drains penetrating a clay sequence can be assumed to equal that of the sequence.
Study area
The Pevensey Levels are a wet coastal grassland situated between Eastbourne and Bexhill-on-Sea, East Sussex, on the south coast of England (Fig. 1) . They cover an area of about 75 km 2 , have a mean elevation of 2 metres above mean sea level (OD, Ordnance Datum) and are bounded by the low hills of Tunbridge Wells Sands to the north, by Wadhurst and Weald Clays to the east and west, and is separated from the English Channel to the south by a shingle ridge. The area is used mainly for grazing but is also a designated RAMSAR site (under the international convention on wetlands) and contains two National Nature Reserves. Important ecological features include invertebrates, such as the fen raft spider, and over-wintering and breeding bird populations. Jenman and Kitchen (1998) and Gasca-Tucker (2002) provide detailed descriptions of the area.
The Levels are an alluvial floodplain that has been subject in the past to periodic marine inundation (Jennings and Smyth, 1985) . This has produced a complex and variable lithostratigraphy with a complex basal geometry. The sequence broadly comprises a surface layer of clayey-silt up to 2 m thick, a discontinuous peat layer 0.6-1.8 m thick and fluvial clayey-silts 3-10 m thick, with intercalated fine to medium sands and silty sands representing buried channels, overlying Weald Clay (Phillips, 1995; Lake et al, 1987) . The soils belong to the Newchurch and Wallasea series, which are generally slowly permeable and seasonally water logged (Jarvis et al., 1984) .
The wetland has been reclaimed progressively and modified extensively by drainage improvements for agriculture and flood relief since the Middle Ages. This has created a complex hydrological regime. The present drainage network, which crosscuts a remnant drainage system, has a total length of 715 km with an average ditch density of 17.4 km km -2 , of which 80% are minor ditches (field drains). Eighteen pumps and numerous structures have been installed in the ditch network to control ditch levels. The network drains through major drains to the sea at Norman's Bay and Pevensey Bay. However, the surface water inflow and outflow components are relatively small and the overall water balance is dominated by rainfall and evaporation (Acreman and José, 2000; Gasca-Tucker and Acreman, 1999) .
The model study is focused on a National Nature Reserve (specifically Field 116) some 2.5 km 2 in extent near the centre of the Pevensey Levels where water level and other Fig. 1 . Location of Pevensey Levels (Source: Jennings and Smyth, 1985) monitoring data are available. This is an unimproved area of grassland dominated in the wetter parts by Agrostis spp and Juncus spp, which are important for migrating waterfowl.
The availability of the appropriate field data is often a constraint on applying models to wetland areas, and the Pevensey Levels are no exception. A monitoring network was established in the mid-1990s for three fields in the centre of the wetland and data of varying frequency and completeness are available between 1995 and 1998. The instrumentation in the vicinity of Field 116 comprises (see Fig. 4 ): a stage recorder on the main drain upstream of the study site with daily readings from February 1995 to July 1998. The record is of good quality and essentially continuous. a Hydra Mk2, which measures evaporation by eddy correlation (Shuttleworth et al., 1988) , and an Automatic Weather Station (AWS) providing daily actual (AE) and potential evaporation (PE), respectively. The AWS data are almost continuous from June 1996 to June 1998. Rather limited and intermittent data are available from the Hydra (14 days in September, 1996, 4 days during the summer 1997 and 31 days between June and September, 1998). a local meteorological station at Horse Eye some two kilometres north-west of Field 116 with continuous daily data on open water potential evaporation (Eo) and rainfall since 1970. a water level monitoring array of 10 dip wells (to 0.8-1 m depth) and two piezometers (to 3.3 m depth) with data for 1995 to 1998. However, the continuity and number of readings are rather sparse due to difficult access in winter and drying-up of the dip wells during the summer. The configuration of the water table cannot be determined from the distribution of dipwells.
Monthly MORECS (Meteorological Office Rainfall and Evaporation Calculation System, see Hough and Jones, 1997 ) data on actual and potential evaporation, rainfall and soil moisture deficits for 1961-1998 were also obtained for 40 × 40 km square 199 which includes the Pevensey Levels. These represent average values for the square, which also includes the higher ground bordering the Levels. The mean rainfall is 763 mm y . The monitoring period (1995) (1996) (1997) (1998) was variable hydro-meteorologically. The summer of 1995 was particularly dry and 1996 had 95 mm less rainfall than the long-term average, whereas 1997 and 1998 had 130 and 145 mm, respectively, more rainfall than the long-term average. 
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Model representation
The model area is 400 × 400 m. The main surface features are shown in Fig. 4 and a transect showing the position of the water table in relation to the ditch level at high, average and low conditions, is shown in Fig. 5 . During the winter, the water table within the field is higher than the stage in the ditch and lower during the summer but remains in hydraulic continuity with the ditches throughout. The model is orientated NW-SE parallel to the dominant direction of the drainage system to reduce the number of grid cells. This is also the assumed direction of regional groundwater flow (based on the topographic slope because spatial water level data are not available to define the direction of groundwater flow). The initial head was assumed to be uniform across the model area as the topographic gradient is very low. During the initial calibration of the model, it became apparent that the field drains act as hydraulic boundaries around each field. Consequently, each field forms a discrete hydraulic unit with its own water table configuration. There may, however, be a more regional piezometric surface associated with the deeper sequence of deposits. The actual model domain was, therefore, limited subsequently to a single field (Field 116) by introducing inactive cells in all cells outside the field.
The ditches surrounding the field are typically 1.5 m in depth (bed level 0.8 mOD) and 3 m wide. These were represented as stage-controlled, head boundaries. The water level recorder situated just north of Field 116 provided data actual evapotranspiration based on MORECS. Evaporation data from the Hydra have been compared to estimates based on Penman-Monteith and Priestley-Taylor (Hall, pers. comm.). This indicated that most evaporation occurs when the wind direction is 240 o , the prevailing wind direction, so that evaporation rates within wet grasslands can exceed those that might be expected for well-watered grass. In addition, whilst the Priestley-Taylor method is adequate for monthly estimates of evaporation, the Penman-Monteith method provides better estimates of daily evaporation from wet grasslands. Figure 3 shows water level variations during 1995 to 1998 in a dip well (D7) and nearby piezometer (PC) located near the centre of Field 116, together with ditch stage measured at the water level recorder. D7 is 1.11 m deep and situated 96 m from the nearest ditch whilst PC was installed to 2.5 m depth and is 110 m from the nearest ditch. The ditch stage is generally about 0.2 m lower than the water levels in both the dip well and piezometer during the winter and slightly higher during the summer. Water levels reach ground level during wet winters, such as in 1997/98 when water levels at D7 were about 0.1 m above ground level and would have produced groundwater flooding. There is some suggestion that water levels in the piezometers are higher than those in the dip wells, such as in 1995-96. This could suggest increasingly confined conditions with depth and, therefore, the possibility of vertical leakage of groundwater.
on stage variations within the ditches (see Fig. 3 ). The stage throughout the ditch system within the model domain was considered uniform at any one time. Ditch levels are one of the few known input variables, although groundwater level data were used for calibrating the model. As the ditches generally penetrate only the shallow clay layer (see Fig. 5 ), the permeability of the ditch bed sediments is considered to be the same as the surface clay layer.
The initial three-layered model represented the surface clay (Layer 1), the peat layer (Layer 2) and the underlying sediments (Layer 3). However, if required, heads within the individual parts of the sequence could be examined and the deeper sequence treated as semi-confined with a vertical groundwater leakage component. Each layer is assumed to be horizontal, homogeneous and isotropic.
A grid mesh size of 10 m was used, although this was reduced to 2.5 m adjacent to the field ditches to accommodate steeper hydraulic gradients at these locations. The total number of grid cells was 10800 for the three layers and model area. The model grid is shown in Fig. 6 . The surface topography was derived from a survey carried out over the area, although this did not extend to the northern part of the model area. for alluvial clays reported by Armstrong (1993) . The mean K from the pumping tests was adopted for the surface clay layer. In general, soils with K values less than 0.1 m d -1 are classified as 'slowly permeable' (Jarvis et al., 1984) .
The thickness of the peat layer (L2) is 0.5 m based on the limited information from the piezometers. Peat deposits are often anisotropic due to compaction and secondary permeability features and often show a correspondingly wide range in hydraulic conductivity. However, a K value of 1 m d -1 is considered typical of peat soils (Armstrong, 1993) and this was adopted initially for the peat layer. The horizontal permeability of peat deposits is often much greater than the vertical permeability and, as the peat layer is discontinuous and thin, it would have a very low transmissivity.
There is no information available on the hydraulic characteristics of the deeper layer (L3) which forms the bulk of the sequence. It was assumed to be 10 m thick and to consist of silty sands. Such deposits are likely to have K values in the range of 0.1 to 10 md -1 (Anderson and Woessner, 1992) giving a transmissivity of at least an order of magnitude greater than the surface clays. Regional groundwater flow towards the coast is likely to take place within this layer.
Storativity values for each layer were based on typical values given in the literature. There are insufficient data to estimate such values from the water table response to rainfall events (Gilman, 1994) . Specific yield (Sy) values for alluvial deposits are likely to range from 1 to 10% (mean 6%) for clays and 10 to 30% for silty sands. Specific storage (Ss) values of 10 of the silty sand. In MODFLOW, recharge is normally estimated and entered as input values into the Recharge Package. The water table remains close to the ground surface throughout the year (minimum water levels ranged from 0.7 to 1.2 mbgl during 1995 to 1998) and is subject to evaporative losses. For the initial calibration, rainfall data from the Horse Eye meteorological station were used as 'recharge' input values and applied uniformly over the model domain as 10-day mean daily values. The Evaporation Package of MODFLOW was then used to simulate evaporative losses from shallow groundwater and soils. The initial input values were based on MORECS actual evaporation data and applied uniformly over the model with an extinction depth of 1.0 m. In this way, the model itself was used to calculate 'net recharge'. Whilst representing the general pattern, the MORECS monthly values may underestimate the real evaporation and its variability (see Fig. 2 ).
Model calibration and discussion
The model was run in time-varying mode with a time-step of 10 days and an initial head of 1.8 mOD (the mean of available head data for a well situated in the middle of the array of wells) applied to all three layers. The period January 1997 to August 1998 (577 days) was chosen for the calibration as this period has the most detailed water level data. The water table configuration across the field is not known and calibration was based mainly on water level hydrographs for wells in the centre of the field (D6) and close to the ditches (D2, north; D10, south). The results of the model calibration results were expressed as water table contour maps and directions of groundwater movement together with mass water balances for the model domain and zonal water budgets for flow to the ditches around the field at selected times.
The initial calibration runs with the hydraulic properties assigned to each layer matched the observed water levels for the first 300 days but significantly overestimated water levels during the following winter period. A constant K, equal to that of Layer 1 (0.058 m d -1
), applied to all three layers produced a similar result but raised water levels still further. Subsequently, the Sy value for Layer 1 (5%) was applied to the other two layers to simulate a uniform sequence with water table conditions. This produced a reasonable fit to the general temporal pattern in terms of elevation and range of fluctuations, except during the initial period when the fluctuation is rather less than that observed. A higher initial head of 2.1 mOD improved the fit for the first 90 days but still failed to reproduce the initial decline in observed water levels up to about 150 days. The overall fit could be improved by further optimisation of the Sy value, although this was not justified on the basis of the lack of information on this variable. However, sensitivity runs with Sy values of 2.5 and 10% indicated that the model is relatively insensitive to the Sy value. The model is also relatively insensitive to K due to the low permeability of the sequence. The thin peat layer also appears to have little influence.
The results of the calibration with uniform hydraulic properties are shown in Fig. 7 as hydrographs for the three wells. Water levels in all three wells are very similar, but D10 (adjacent to the southern ditch boundary) is slightly higher in summer and lower in winter than D2 (adjacent to the northern ditch boundary) and D4 has water levels intermediate between the other two wells. The cumulative mass balance at the end of the calibration period (t = 577 days) is given in Table 1 . This demonstrates the importance of rainfall and evaporation in the water balance compared to the drainage ditches.
Water level contours and flow paths for low (t = 200 days) and high (t = 350 days) water level conditions are shown in Figs. 8 and 9 , respectively. The pattern is similar for both times with flow moving towards the depressions within the field from the surrounding ditches. This seems to reflect the influence of evaporation and the extinction depth, although the imposed boundary conditions do not accommodate deeper subsurface flow into or out of the model domain. The influence of the drainage ditches on groundwater levels extends only about 20 m from each ditch during high water level conditions (Fig. 9 ). Cross-sections show an upward movement of groundwater in summer and downward movement in winter with the water table higher than the ditch stage in winter and lower in the summer. Recharge will not occur where and when the water table is at the ground surface. The monitoring wells are situated along slightly higher ground where the topography generally exceeds 2.3 mOD (maximum 2.7 mOD). Surface elevations across the rest of the field either side of this ridge range from about 2.1 to 2.2 mOD (see Fig. 4 ) but are still generally higher than the maximum ditch stage, which varies from 1.2 to 2.1 mOD (see Figs. 3 and 5) . The water table exceeded 2.2 mOD (taken to be a representative field elevation) in Jan/Feb 1997 and Jan/Feb 1998 (t = 0 to 50 days and 370 to 430 days, respectively), although there is no information on the extent or depth of flooded areas or the water table configuration across the field. A model run with no recharge (rainfall) for these two periods had no apparent effect on water levels. This may be due in part to low evaporation losses during the winter months. However, the model water table contours simply equal the ground surface contours when the water table reaches ground level. Consequently, the model's water table contours do not represent reality when this situation occurs, as the configuration is not governed by the hydraulic properties. The equipotential contours shown in Fig. 9 indicate the height to which the piezometric surface might rise above ground level.
The Root Mean Square error (RMS) of the model calibration increases from 0.14 (mean error -0.123) at low water table conditions to 0.24 (mean error 0.22) at high water level conditions. However, a more accurate calibration was not justified due to the lack of spatial data on, for example, the local flow pattern, extinction depth or hydraulic properties with depth. Similarly, the variations in topography, water level and other parameters are small scale and would require more detail to develop a validated model of the accuracy required for management purposes.
Conclusions
An initial conceptualisation of the system was based on a semi-confined, three-layered sequence with differing hydraulic characteristics. During calibration, however, it was found that a reasonable match between model and observed time-series water level data could be achieved based on an unconfined, single layered model with a uniformly low permeability for a single field unit bounded by partiallypenetrating, head-controlled ditches. Spatial data are Rainfall and evaporation have the most influence on water table fluctuations and in-field wetness in wet grasslands with low permeability clay soils, such as at the Pevensey Levels. There is only limited lateral movement of water from the ditches, which act as hydraulic boundaries, whilst their influence on the water table configuration extends only a short distance into the field. Consequently, the field ditches have little influence on the field water regime, except in the immediate vicinity of each ditch and when they overflow onto the fields (Armstrong, 1993; RSPB, 1997) . This implies that the control of stage levels to meet in-channel ecological objectives may not necessarily satisfy those objectives relating to in-field requirements for nesting and feeding winter wildfowl.
A spatially-distributed, groundwater flow model, such as MODFLOW, can provide information on the timing, extent and duration of the water table intersection with the ground surface for different winter conditions. Variations in other features, such as evapotranspiration from different vegetation distributions within the field, can also be accommodated but the depth of standing groundwater has to be interpolated from contour information. Such models would benefit management studies of the in-field habitats for wildfowl and how these conditions may be affected by, for example, climate variability and change.
The development, testing and application of groundwater flow models to in-field habitats in lowland wet grasslands will need to be supported by in-field ecological surveys and field information on the relative contributions from surface flooding, rainfall and groundwater flooding. This would include monitoring of surface water inflows and outflows from the field study area, the depth and extent of flooding within the field and changes in the water table configuration in relation to ground level.
At the field-scale, it is considered necessary only to model the surface clay layer as vertical groundwater leakage to or from the deeper, more permeable part of the sequence and regional groundwater flow within this part of the sequence can generally be neglected. However, on a more regional scale, these components may become significant and regional groundwater outflow to the major drains and at the coast would need to be taken into account. This would require further information on the hydrogeology of the deeper sequence.
